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(57) The present invention relates to phenoxymethyl 
piperidine derivatives, and pharmaceutically acceptable 
salts and A/oxides thereof, which are sodium channel 
blocl<ers. and thus exhibit useful pharmacological prop- 
erties, including utility for the treatment of neuropathic 
pain conditions. 

represented by formula I: 



oalkyloxy, halogen, or phenyl or mono- or di-substi- 
tuted phenyl, the substituents selected from 
alkyloxy, amino, nitro or acetylamino; 
provided that when is hydrogen at least two of 
R^.R^.R^.R^, and R^ are other than hydrogen; and 
further provided that when R^ is methyl and 
R^.R^.R^ and R® are hydrogen, R"* is other than 
fluoro; 

or a pharmaceutically acceptable salt or N-oxkHe 
thereof, as an individual isomer or as a racemic or non- 
racemic mixture of isomers. 



I 



where: 

is hydrogen, (C1-4)alkyl. -(CH2)mCycloalkyl. ■ 
< (CH2)mNR7R^ or -(CHajmNR^SOzR^; 
C5 m is 1 to 3; 

^ and are independently hydrogen or (CI- 

^ 4)alkyl; and 

g R^is(G1-4)alkyl: 

^ r2,r3,r5 and R^ are independently hydrogen, 
^ (CI -4)alkyl. or halogen; 

^ R^ is hydrogen, (Cl -4)alkyl. hydroxy, alkyloxy, f luor- 

(L 

LU 
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Description 

The invention relates to compounds represented by formula I: 

5 



10 




IS where: 

is hydrogen. (C1-4)alkyl. -(CH2)mCycloalkyl, -(CH2)mNR^R® or -(CH2)mNR^S02R^; 
m Is 1 to 3; 

20 and R° are independently hydrogen or (CI -4)alkyi; and 

R^ls(C1-4)alkyl; 

R^, R^, R^ and R^ are independently hydrogen, (C1-4)alkyl, or halogen; 

R^ is hydrogen, (C1-4)alkyK hydroxy, alkyloxy. fluoroalkyloxy, halogen, or phenyl or mono- or di-substituted phenyl, 
25 the substituents selected from alkyloxy, amino, nitro, or acetylamino; 

provided that when R^ is hydrogen at least two of R^, R^. R*. R^. and R^ are other than hydrogen; and further pro- 
vided that when R^ is methyl and R^. R^. R^ and R^ are hydrogen, R"* is other than fluoro; 

or a pharmaceutically acceptable salt or AZ-oxide thereof, as an individual isomer or as a racemic or non-racemic mix- 
30 ture of isomers. 

The phenoxymethyl piperidine derivatives of formula I are sodium channel blockers, and thus exhibit useful phar- 
macological properties, including utility for the treatment of neuropathic pain conditions. Neuropathic pain can be 
desalbed as pain associated with damage or permanent alteration of the peripheral or central nervous system. Clinical 
manifestations of neuropathic pain include a sensation of burning or electric shocK feelings of bodily distortion, allody- 
35 nia and hyperalgesia. 

Sodium channel-blocking agents have been reported to be effective in the treatment of various disease states, and 
have found particular use as local anesthetics and in the treatment of cardiac arrhythmia. It has also been reported for 
many years that sodium channel-blocking agents may be useful in the treatment of pain, including neuropathic pain; 
see, for exanrple, Tanelian et af. Pain Forum. 1995, 4(2), 75-80. Preclinical evidence demonstrates that sodium chan- 

40 nel-blocking agents selectively suppress abnormal ectopic neural firing in injured peripheral and central neurons, and it 
is via this mechanism that they are believed to be useful for relieving pain. Consistent with this hypothesis, it has been 
shown that sodium channel accumulate in the peripheral nerve at sites of axonal injury (Devor et al.. J. Neurosci.. 1993, 
1 32. 1 976-1 992). Alterations in either the level of expression or distribution of sodium channels within an injured nerve, 
therefore, have a major influence on the pathophysiology of pain associated with this type of trauma. This concept is 

45 supported by the relative success of employing sodium channel modulating agents (e.g.. anti-convulsants, local 
anesthesics) for the treatment of neurophatic pain. However, pain relief has often been obtained concomitantly with 
numerous adverse events and/or limitations in efficacy which have restricted tolerability of these drugs. It can be seen 
that a need still exists for an orally active agent that is effective for the treatment of neuropathic pain, but having fewer 
side effects. 

50 Various phenoxymethyl piperidine derivatives have been described in the patent and non-patent literature. For 
exanple. WO 92/02501 (Smithkline & French) and WO 93/15052 (SmithWine Beecham) generically disclose various 
optionally substituted 3-phenoxymethyl piperidine and 3-phenoxyethyl piperidine derivatives, respectively, useful as cal- 
cium channel blocking agents. 

US 3.634,437 (Todd) discloses optionally substituted 3-phenoxymethyl piperidine compounds, which may be used 

55 in the treatment of depressive illness, anxiety, neurotk: states and epilepsy. US 3,709.892 (Leeming et al.) discloses 
substituted 3-phenoxyalkylamines, for example. 3-[(2-cyclohexy1ethyl)phenoxymethyl]-1-methylpiperidine, which pos- 
sess gastric antisecretory activity. US 4,877,799; US 4,985.446; and US 5.019.582 (Dr^er etal.)\ and US 5.158,961 
and US 5,227,379 (Jakobsen et al.) disclose 4-phenyl-3-phenoxymethyl piperidine derivatives as calcium overload 
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inhibitors useful In th treatment of anoxia, ischemia, migraine and epilepsy. 

US 4,508,724 (Taylor etal.) discloses 3-phenoxymethyl-3-piperidinol derivatives having antianhythmic, antidepres- 
sant and antihypertensive activity. US 4.822.778 (Aberg et al.) discloses optionally substituted 2-phenoxymethyl pipe- 
ridine derivatives, particularly N-methyl-2-[(2,6-xyloxy)methyl]-piperidine, having anesthetic and antiarrhythmic activity. 
5 Arya et al. Indian J. Chem. 1 977, 1 5B. 11 25-1 1 28 describes the synthesis and pharmacological activity of piperldyl 
ethers, particularly 3-(4-fluorophenaxymethyl)-1-methylpiperidine, as central nervous system depressants. Balsamo et 
al. d Med. Chem. 1987, 30, 222-225. describes the synthesis and antidepressant activity of 3-[(2-ethoxyphe- 
noxy)m6thyq-plperldlne derivatives. 

Objects of the invention are the compounds of formula I and pharmaceutically acceptable salts or N-oxide thereof 
10 racemic mixtures and their conesponding enantiomers, the preparation of the above mentioned compounds, medica- 
ments containing them and their manufacture as well as the use of the above-mentioned compounds in the control or 
prevention of neuropathic pain conditions or for the manufacture of corresponding medicaments. 

The following definitions of the general terms used in the present description apply irrespective of whether the 
terms in questions appear alone or in combination. 
75 "CI -4", as in "{C1-4)alkyr means a monovalent branched or unbranched saturated hydrocartxjn chain containing 
1. 2, 3 or 4 carbons, such that (C1-4)alkyl specifically includes for example, methyl, ethyl, n-propyl, iso-propyl, or n- 
butyl. Similarly, "01-2". as in '*(C1-2)alkyr means a saturated hydrocartx>n chain containing 1 or 2 carbons, such that 
(C1-2)alkyl specifically includes methyl and ethyl. 

"Cycloalkyl" means a monovalent saturated carbocyclic radical containing from three to seven carbon atoms. e.g., 
20 cyclopropyl, 2-methylcyclopropyl, cyclobutyl, 3-ethylcyclobutyl, cyclopentyl, cydohexyl or cyclohexylmethyt. 

"Alkyloxy** means -OR where R Is (C1-4)alkyl as defined abova 

"Fluoroalkyl** means (CI '4)alkyl as defined above substituted by 1 to 3 fluorine atoms, for example trifluoromethyl. 
difluoromethyl, 2,2,2-trifluoroethyI. and the like. 

"Fluoroalkyfoxy" means -G-R* where R' is f luoroalkyl. 
25 "Halogen" means f luoro, chloro. bromo, or iodo. preferably bromo or chloro. 

"Optional" or "optionally" means that the sukjsequerrtly described event or circumstance may or may not occur, and 
that the description includes instances where the event or circumstance occurs and instances in which it does not. 

"Inert organic solvent" or "Inert solvent" mean a solvent inert under the conditions of the reaction being described 
In conjunction therewith including, for example, benzene, toluene, acetonitriie, tetrahydrofuran, dimethylfbrmamlde, 
30 chloroform (CHCI3), dichloromethane or methylene dichloride (CH2CI2). diethyl ether, ethyl acetate, acetone, methyl 
ethyl Ketone, methanol, ethanol. propanol. Isopropanol, tert-butanol, dioxane, pyridine, and the like. Unless specified to 
the contrary, the solvents used in the reactions of the present Invention are inert solvents. 

"Protecting group" means a chemical group that (a) preserves a reactive group from participating in an undesirable 
chemical reaction; and (b) can be easily removed after protection of the reactive group is no longer required. 
35 "Amino-protecting group" or "N-protecting group" means a protecting group that preserves a reactive amino group 
that othenwise would be modified by certain chemical reactions. The definition includes the formyl group or lower 
alkanoyi groups with 2 to 4 cartoon atoms, in particular the acetyl or propionyl group, the /\/-(9-fluorenylmethoxycartx)- 
nyl) or "FMOC" group, the allyloxycarbonyl group or other protecting groups derived from halogencartx)nates such as 
(Cg - C^2)^^y^ lower alkyi carbonates (such as the A/-benzyloxycartx)nyl group derived from benzylchlorocarbonate). or 
40 derived from biphenylalkyi halogen cartx)nates, or tertiary alkyt halogen carbonates, such as ferf-butylhalogencar- 
bonates. in particular te/t-butylchloro-cartx)nate. or di(lower)alkyldicarfc)onates. in particular di(te/t-butyl)-dicart)onate. 

"Hydroxy-protecting group" means a protecting group ttiat preserves a hydroxy group that otherwise would be mod- 
ified by certain chemical reactions. Suitable hydroxy-protecting groups include etiier-forming groups that can be 
removed easily after completion of all other reaction steps, such as the benzyl or the trityl group opttonally substituted 
45 in their phenyl ring, silyl. trialkylsityl ether groups and tiie like. 

"Leaving group" means a labile group that is replaced in a chemical reaction by another group. Examples of leaving 
groups are halogen, tiie optionally substituted phenoxy group, tiie trifluoromethanesulfonyloxy group, the mesyloxy 
group, the tosyloxy group or the acyloxy group. 

"A/-oxide" refers to a stable amine oxide formed at the piperidine nitrogen atom. 
50 "Stereoisomers" are isomers that differ only in the way the atoms are arranged in space. 

"Enantiomers" are a pair of stereoisomers that are non-superimposable mirror images of each other. A 1:1 mixture 
of a pair of enantiomers is a "racemic" mixture. 

The compounds of tiie invention may possess an asymmetric center at tiie 3-position of the piperidine, and conse- 
quentiy can exist as a mixture of stereoisomers or as individual (R)- or (S)- stereoisomers. The Individual enantiomers 
55 may be obtained by resolving a racemic or non-racemic mixture of an intermediate at some appropriate stage of the 
synthesis, followed by completion of the synthesis in a way that preserves chirality, or by resolution of the conrtpound of 
formula I by conventional means. The individual enantiomers, as well as racemic and non-racemic mixtures thereof are 
encompassed within the scope of the present invention, all of which are intended to be depicted by the structures of this 
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specification unless othenmse specifically indicated. Specif rc examples of the separation of isomers are set forth in th 
Examples. 

The use of the symix>l "(ft)" or "(S)" preceding a sulDstituent designates the absolute stereochemistry of that sub- 
stituted according to the Cahn-lngold-Prelog rules (see Cahn etaL Angew. Chem. Inter. Edit. 1966, 5, 385, errata 51 1; 

5 Cahn etal. Angew. Chem. 1966. 78. 413; Cahn and IngoW J. Chem. Soc. (London) 1951, 612; Cahn etal. Experientia 
1956, 12, 81 : Cahn J. Chem. Educ. 1964, 41 . 1 16). 

"Pharmaceutically acceptable" means that which is useful in preparing a pharmaceutical composition that is gen- 
erally safe, non-toxic, and neither biologically nor othenvise undesirable, and includes that which is acceptable for vet- 
erinary use as well as human pharmaceutical use. 

w "Pharmaceutically acceptable salts" refers to those salts wNch are pharmaceutically acceptable, as d^ined above, 
and which possess and retain the desired pharmacological activity of the compourvls of formula I. The compounds of 
formula I form acid addition salts by virtue of the presence of the basic piperidine nitrogen atom. Acid addition salts may 
be formed with inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric add, nitric acid, phosphoric add, 
and the like; or with organic adds such as acetic add. propionic acid, hexanoic acid, heptanoic acid, cyclopentanepro- 

75 pionic add, glycolic acid, pyruvic add. lactic acid, malonic acid, sucdnic acid, malic acid, maleic acid, fumaric acid, tar- 
taric add, dtric acid, benzoic acid, o-(4-hydroxybenzoyl)-benzoic add, cinnamic acid, mandelic add, methanesulfonic 
acid, p-toluenesulfonic acid, camphorsulibnic add. 4-methylbicyclo-[2.2.2.]oct-2-ene-1-carboxylic acid, gluooheptonic 
acid, 3-phenylpropionic acid, trimethytacetic add, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic 
acid, hydroxynaphthoic acid, salicylic acid, stearic add. muconic acid, tartaric add and the like. Prefen-ed pharmaceu- 

20 tically acceptable salts are salts formed from Inorganic acids. A particularly preferred phannaceuticaliy acceptable salt 
is the hydrochloride salt. 

Treatment" means any treatmervt of a condition in a mammal, particularly a human, and includes: 

(i) preventing the disease from occurring in a subject which may be predisposed to the disease, but has not yet 
25 been diagnosed as having it; 

(ii) inhibiting the condition, i.e., arresting its development; or 

(iii) relieving the condition, i.e., relieving the symptom of pain. 

"Disease state which is treatakrfe by administration of a sodium channel t^ocker" is intended to cover all disease 
30 states which are generally acknowledged in the art to be usefully treated with sodium channel blockers in general, and 
those disease states which have been found to be usefully treated by the specific sodium channel bk)cker of our inven- 
tion, the compounds of formula I. Such disease states include, but are not limited ta peripheral neuropathies, such as 
trigeminal neuralgia, postherpetic neuralgia, diabetic neuropathy, glossopharyngeal neuralgia, lumbar and cervical 
radiculopathy, reflex sympathetic dystrophy and causalgia, and neuropathy secondary to metastatic infiltration, adiposis 
35 dolorosa, and burn pain; and central pain conditions following stroke, thalamic lesions and multiple sclerosis. 

"Therapeutically effective amount" refers to that amount which is sufficient to effect freatment, as defined above, 
when administered to a mammal in need of such treatment. The tfierapeuticaliy effective amount will vary depending 
on the subject and disease state being treated, the severity of the affliction and tiie manner of administration, and may 
be determined routinely by one of ordinary skill in tiie art. 
40 The naming and numbering of tiie compounds of this invention is illustrated below. The phenoxymethyl piperidine 
nudeus of the compound of fornrula I is numbered as foltows: 




55 The nomenclature used In tiiis application is generally t3ased on tiie lUPAC recommendatbns. However, because 
a strict adherence to these recommendations would result in the name changing sut>stantially when only a single sub- 
stituent is changed, the compounds have been named in a form that maintains consistency of nomenclature for the 
basic structure of the molecule. 
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Among the family of compounds of the present invention, certain compounds of formula I are preferred. Preferred 
compounds of formula I are those in which is hydrogen or (Cl-4)alkyl, more preferably hydrog n, methyl or ethyl, 
and most preferably hydrogen or methyl; preferably and are each independently hydrogen or alkyl. more prefer- 
ably hydrogen or methyl, and most preferably P? and R^ ar each methyl; and preferably R^ and R^ are each independ- 
5 ently hydrogen or {C1-4)alkyl, more preferably R^ and R^ are each hydrogen; and R* is hydrogen or halogen, more 
preferably hydrogen or bromo. and most preferably bromo. 

At present, exemplary particularly preferred compounds include: 

3-(4-bromo-2,6-dlmethylphenoxymethyt)-1-methylpiperidine; 
10 3-(4-bromo-2.6-dimethylphenoxymethyl)-1 -methylpiperidine N-oxIde; 

(S)-3-(4-bromo-2,6-dimethylphenoxym ethyl)- 1 -methylpiperidine; 

3-(4-bromo-2,6-dimethylphenoxymethyl)-piperidine; 

(S)-3-(4-bromo-2,6-dimethylphenoxymethyl)-piperidine; 

3-(2,6-dimethylphenoxymethyl)-1-methylpiperidine; 
J5 3-(2,6-dimethylphenoxymethyl)-1 -methylpiperidine N-oxide; and 

(S)-3-(2.6-dimethylphenoxymethyl)- 1 -methylpiperidine. 

Compounds of this invention can be made by the methods depicted In the reaction schemes shown below. 

The starting materials and reagents used in preparing these compounds are either available from commercial sup- 
20 pliers such as Aldrich Chemical Company, or are prepared by nnethods known to those skilled in the art following pro- 
cedures set forth in references such as F/eser and Fiesefs Reagents lor Organic Synthesis, Volumes 1-15 (John Wiley 
and Sons, 1991); Rodd's Chemistry of Carbon Compounds, Volumes 1-5 and Supplementals (Elsevier Science Pub- 
lishers, 1989); and Organic Reactions, Volumes 1-40 (John Wiley and Sons, 1991). These schemes are merely illus- 
trative of some methods by which the compounds of this invention can be synthesized, and various modifications to 
25 these schemes can be made and will be suggested to one skilled in the art having refen^ed to this disclosure. 

The starting materials and the intermediates of the reaction may be isolated and purified, if desired, using conven- 
tional techniques, including but not limited to filtration, distillation, crystallization, chromatography, and tiie like. Such 
materials may be characterized using conventional means, including physical constants and spectral data. 

Unless specified to the contrary, the reactions described herein take place at approximately atmospheric pressure 
30 over a temperature range from about - 78 "^C to about 150 ""C, more preferably from atx)ut 0 ""C to about 125 ""C, and 
most preferably at about room (or ambient) temperature, e.g., about 20 ""C. 

The present compounds of formula I and their pharmaceuticaily acceptable salts can be prepared by methods 
known in the art, for example, by processes described below, which comprises: 

35 a) reacting a compound of the formula 




with a compound of the formula 
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5 




(2) 

10 

wherein R^-R^ are as defined above and Y is hydrogen or -OY is a leaving group, 

or 

b) deprotecting a compound of formula 

IS 



20 




25 

wherein R is an amino protecting group and R^-R^ are as defined abos/e, 

or 

c) alkylating or acylating a compound of formula 

30 



35 




40 

wherein R^-R^ are as described above to give a compound of formula i. wherein R^ is (C1-4)alkyl. -{OH^^n 
cydoalkyl. -(CHgjmNR^R^ or -(CHgjmNR^SOaR^. 

d) oxidizing a compound of fbmfiula I to give an N-oxide, or 

e) resolving a racemic mixture into its enantiomeric components, and 

45 f) if desired, converting a compound of formula I into a phamiaceutically acceptable salt 

Process variant a) describes one method of preparing compounds of formula I from the reaction of a phenol com- 
pound (1) with a piperidine compound (2) where Y is hydrogen or -OY is a leaving group, and R\ R^, R^, R^, R^, and 
R^ are as defined above. 

50 



55 
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IS 

In general, the phenol compound (1) is commercially available, for example from Aldrich Chemical Ca, or may be 
prepared by standard methods known to those skilled in the art, for example as Is described in detail in Preparation 1. 
A piperidine compound (2) where Y is hydrogen is commercially available or is prepared by standard methods 
20 known to those skilled in the art. 

Alternatively, a piperidine conpcHind (2) where -OY is a leaving group, is prepared from the piperidine compound 
(2) where Y is hydrogen, by converting the hydroxy group to a suitable leaving group. Suitable solvents for the reaction 
are inert organic solvents, such as halogenated or aromatic hydrocarbons, e.g., dichioromethane, 1,2<lichloroethane. 
carbon disulfide, and the like, preferably dichioromethane. 
25 Suitable leaving groups are prepared by standard methods, for example by reacting the piperidine compound (2) 
where Y is hydrogen, with an alkyi or aryl sulfonyl halide. such as benzenesulfonyl chloride. methanesuKonyt chloride, 
preferat^y p-toluenesuifonyt chloride. Sulfonyl halides are commercially available or may be prepared by methods such 
as those described in(/) Langer, R.F Can. J. Chem. 19S3, 61, 1583-1592; (//) Aveta, R. etal. Gazetta Chimica Itallana 
1986, 116. 649-652; (///) King, J.R; Hillhouse. J.H. Can J. Chem. 1976, 54. 498; and (/V) Szymonifka, M.J.; Heck. J.V. 
30 Tel Lett. 1 989. 30. 2869-2872. 

An exemplary preparation of a piperidine compound (2) is desaibed in detail in Preparation 2. 
A compound of formula I is prepared by coupling the phenol compound (1) with the piperidine compound (2) where 
Y is hydrogen. The reaction proceeds in the presence of a combination of an organic phosphine such as triphenylphos- 
phine, and a dialkyi azodicarboxylate such as diethyl azodicarboxylate. under Mitsunobu reaction conditions. Suitable 
35 solvents for the reaction are aprotic organic solvents such as dimethylformamide, A/-methyl pyrrolidone, or tetrahydro- 
furan, preferably tetrahydrofuran. 

Alternatively, a compound of formula I is prepared by coupling the phenol compound (1) with a piperidine com- 
pound (2) where -OY is a leaving group. The reaction is carried out under an inert atmosphere in the presence of base. 
e.g., cesium carkx)nate, sodium carbonate or potassium cartx)nate, preferably cesium carbonate. Suitable solvents for 
40 the reaction are aprotic organic solvents, such as dimethylformamide, /V-methyl pyrrolidone, tetrahydrofuran, and tiie 
like, preferably dimethylformamide. 

An exemplary preparation of a compound of formula I Is described In detail In Example 2. 
Reaction Scheme 2 desaibes an alternative method of preparing a compound of formula I through an N-protected 
piperidine intermediate of formula (3) where P is an amino protecting group, and R\ R^. R^, R^, R^, and R^ are as 
45 defined above. 
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Scheme 2 




An N-protected piperidine compound (2a) where P is an ami no-protecting group, is prepared by conventional 
means, tor example by treating the piperidine compound (2) where and Y are each hydrogen, with a suitable amino- 
protecting agent, such as acyl halide, suHbnyl halide, diall^l dicartx)nate {e.g., di-te/t-butyt dicarbonate) or alkylhalo- 
cart>onate, preferably di-/e/t4xityl dicarbonate. Suitable solvents for the reaction are aprotic organic solvents such as 
dimethylformamide. A/-methyl pyrrolidone or tetrahydrofuran. preferably tetrahydrofuran. 

An exemplary preparation of an N-protected piperidine compound of formula (2a) is described in detail in Prepara- 
tion 2B. 

An N-protected phenoxymethyl piperidine compound (3) is prepared by coupling the phenol compound (1) with the 
N-protected piperidine compound (2a), and utilizing the reaction conditions described for the preparation of conrpounds 
of formula I in Reaction Scheme 1. 

An exemplary preparation of an N-protected phenoxymethyl piperidine compound of formula (3) is described in 
detail in Preparation 3. 

A compound of Formula la where R^ is hydrogen is prepared by removing the N-protecting group of the compound 
of formula (3). The deprotecting reaction proceeds in the presence of a strong organic acid, preferably trifluoroacetic 
acid, in an Inert organic solvent such as halogenated or aromatic hydrocarbons, e.^.. benzene, dichloromethane, 1.2- 
dichloroethane. carbon disulfide, and the like, preferably dichloromethane. The reaction can also proceed in the pres- 
ence of a strong base, for example sodium hydroxide or potassium hydroxide, in a mixture of water and a protic organic 
solvent, e.g,, methanol or ethanol. preferably methanol. 

An exemplary preparation of a compound of formula la where R^ is hydrogen, is described in detail in Example 1 . 

A compound of formula I where is R^ is methyl may be prepared by the method described in Reaction Scheme 1. 

Alternatively, a compound of formula I where is rMs methyl Is prepared by reducing the N-protecting group of the 
compound of formula (3) where P is an amino-protecting group such as a carbamate (e.g., fe/'/-butoxycartx)nyl), with 
borane, borane complexes or a metal hydride such as lithium aluminum hydride. The reaction proceeds under an inert 
atmosphere In an aprotic organic solvent such as diethyl ether, dioxane or tetrahydrofuran, preferably tetrahydrofuran. 

Alternatively, the compound of formula I where Is R^ is methyl Is prepared by reductive alkylation of the compound 
of formula la. for example with formaldehyde and formic acid under Eschweiler-Clarke reaction conditions. 

Exemplary preparations of a compound of formula I where is R^ is methyl are described in detail in Examples 2 and 

3. 

A compound of formula I where R** is (C2-4)alkyt or (CH2)mCycloalkyl is prepared by acylation of the compound of 
formula la by reaction with an acyl halide (e.^.. cyclopropanecarbonyl chloride or acetyl chloride, preferably cyclopro- 
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panecarbonyl chloride), in the presence of an aqueous base, e.g., sodium bicarbonate or potassium bicarbonate. The 
reaction proc eds at ice cold temperatures under an inert atmosph re in an aprotic organic solvent such as dimethyl- , 
formamide, ethyl acetate. N-m thyl pyrrolidone or tetrahydrofuran, preferably ethyl acetate. The residue is subse- 
quently treated with a suitable reducing agent such as metal hydride, e.g„ lithium aluminum hydride, in an aprotic 
5 organic solvent such as tetrahydrofuran. 

An exemplary preparation of a compound of formula t where is is (CH2)mCycloalkyl is described in detail in 
Example 4. 

A compound of formula I where is -(CH2)mNR^R^ is prepared by reacting the compound of formula la with a 
compound of the formula CI(CH2)ni.iC0CI in a two-phase system utilizing an alkaline aqueous solvent such as aque- 

10 ous sodium bicarbonate or potassium bicartx)nate for the first phase; and an inert organic solvent, for example diethyl 
ether, hexane. and the like, preferably diethyl ether for the second phase. The reaction is canied out at about room tem- 
perature for atx)ut 30 minutes to 3 hours, preferably 2 hours. The product is dissolved in a protic organic solvent such 
as methanol or ethanol. cooled in an ice bath, treated with a compound of formula HNR^R^, and subsequently treated 
with a suitable reducing agent such as metal hydride, e.^., lithium aluminum hydride, under an inert atmosphere in an 

75 aprotic organic solvent such as tetrahydrofuran. 

An exemplary preparation of a compound of formula I where is R^ is -(CH2)mNR^R^ is described in detail in Exam- 
ple 5. 

A compound of formula i where R^ is -(CH2)mNHS02R^ is prepared by reacting a compound of formula la with a 
sulfonamide compound of formula CI(CH2)mNHS02R^ in the presence of an inorganic base such as potassium cartx)n- 
20 ate or sodium carbonate, preferably potassium caibonate. Suitable solvents for the reaction are aprotic solvents, such 
as dimethylformamide, /V-methyl pyn'olidone, or tetrahydrofuran. preferably tetrahydrofuran. 

An exemplary preparation of a compound of formula I where is R^ is >(CH2)mNHS02R^, is described in detail in 
Example 6. 

Reaction Scheme 3 describes alternative methods of preparing compounds of formula I from the corresponding 
25 intermediate phenol compounds of formula (1b) where R"* is hydroxy; or formula (Id) where R^ is alkyloxy or fluoroalky- 
loxy; or formula (1f) where R^ is phenyl or mono- or di-substituted phenyl; and R^ is other tiian hydrogen, R^. R^, R^ 
and R^ are as defined above. 



30 



35 



40 



45 



50 



55 



9 



EP 0 869 119 A1 



Scheme 3 
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A compound of formula I where is hydroxy is prepared through an Intermediate phenol compound (lb) where 
Is a hydroxy*protecting group. 

The Intermediate phenol compound (1 b) is prepared by protecting the hydroxy group of a compound of formula (la) 
by standard methods known in the art, for example Corey, E.J.; Venkateswarlu, A. J. Am. Chem, Soc, 1972, 94. 6190. 
Suitable hydroxy protecting groups include alkytsilyl groups, e.g., /erf-butyldimethylsilyl. 

Proceeding as in Reaction Scheme 1 or 2. but substituting the hydroxy-protected phenol compound (1b) for the 
phenol compound (1) and coupling with the piperidine compound (2) or (2a) results in a hydroxy-protected phenoxyme- 
thyl piperidine compound. The compound of formula I where R"* is hydroxy, is subsequently prepared by cleaving the 
protecting group by methods conventional and selective for the removal of the hydroxy-protecting groups such as alky- 
lammonium halides, e.g., fer/-butylammonium fluoride in the presence of an organic acid, e.g., acetic add. in an aprotic 
solvent such as tetrahydrofuran. 

An exemplary preparation describing in detail the removal of the hydroxy-protecting group to form a compound of 
formula I where is R^ Is hydroxy is in Example 7. 
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A compound of formula t where is alkyioxy or fluoroalkyloxy is prepared through an intermediate phenol com- 
pound (1d) where A is alkyt or fluoroalkyl. 

An intermediate phenol compound (1d) is prepared by reacting the p-hydroxy phenyl acetate compound (1c) with 
an alkylating agent of formula AY, where A is alkyi or fluoroalkyl and Y is a leaving group such as halo, alkylhalosul- 
fonate or aryl sulfonate, e.^.. trifluoroethyltrif late. The reaction proceeds under basic conditions such as potassium car- 
bonate or sodium carbonate, in an aprotic organic solvent such as butanone. tetrahydrofuran or dimethylformamide. 
preferably butanone. The acetate group is subsequently hydrolyzed under alkaline conditions, utilizing an alkoxide 
anion such as sodium methoxide. e.^.. in a protic organic solvent such as methanol or ethanol, preferably methanol. An 
exemplary preparation of the intermediate phenol compound (Id) is descrik>ed in detail in Preparation 1 B. 

Proceeding as In Reaction Scheme 1 or 2. but substituting the intermediate phenol compound (Id) for the phenol 
compound (1) and coupling with the piperidine compound (2) or (2a)» the compound of formula I where R^ is alkyioxy 
or fluoroalkyloxy is prepared. 

A compound of formula I where R^ is phenyl or mono- or di-substituted phenyl is prepared through an intermediate 
phenol compound (1f) where R^ is phenyl or mono-or di-substituted phenyl. 

The intermediate phenol compound (1f) is prepared by the palladium-catalyzed coupling of the bromo compound 
of formula (1e) with an aryltx)ronic acid such as n'rtrophenylboronic acid and a zero valent palladium catalyst such as 
tetrakis(triphenylphosphine)palladium(0) in the presence of an inorganic base such as sodium carbonate or potassium 
carbonate. Suitable solvents for the reaction are orotic solvents, such as dimethylformamide, A/-methyl pyrrolidone. or 
tetrahydrofuran, preferably tetrahydrofuran. 

Proceeding as in Reaction Scheme 1 or 2, but sut)stituting the intermediate phenol compound (1f) for the phenol 
compound (1) and coupling with the piperidine compound (2) or (2a), the compound of formula I where R^ is phenyl or 
mono- or di-substituted phenyl is prepared. 

The conpounds of formula I where R^ is phenyl or mono- or di-substituted phenyl; and R^ is other than hydrogen, 
R^, R^, R^ and R^ are as defined above may be prepared from other compounds of formula I: 

A. For example, a compound of formula I where R^ is 3-methoxyphenyl Is prepared by the palladium-catalyzed cou- 
pling of a compound of formula I where R^ is bromo with an arylboronic acid such as nitrophenylboronic acid and 
a zero valent palladium catalyst such as tetrakis(triphenylphosphine)palladium(0) in the presence of an inorganic 
base such as sodium cartx)nate or potassium cartx}nate. Suitable solvents for the reaction are aprotic solvents, 
such as dimethylformamide, A/-methyl pyrrolidone, or tetrahydrofuran, preferably tetrahydrofuran. 

An exemplary preparatk)n of a compound of formula I where R^ is 3-methoxyphenyl Is described in detail in 
Example 8. 

B. For example, a compound of formula 1 where R^ is S-arranophenyl is prepared by reducing the nitro group of the 
3-nitrophenyl compound (prepared as described above in Reaction Scheme 111 where R^ is phenyl or substituted 
phenyl) to an amino group. Suitable nrtro group reducing conditions include iron metal with amnrK}nium chloride in 
ethanol/water, nickel boride in acidic methanol or catalytic hydrogenation using a platinum or palladium catalyst 
(e.^., platinum oxide or palladium on carbon) in an alcoholic solvent such as methanol or ethanol, preferably etha- 
nol). The reaction proceeds under an inert atmosphere. 

An exemplary preparation of a compound of formula I where R^ Is 3-aminophenyl is described in detail In 
Example 9. 

C. For example, a compound of formula I where R^ is 3-acetylaminophenyl Is prepared by treating the 3-aminophe- 
nyl compound described above in Section B with an acylating agent such as an acid halide or acid anhydride (e.g., 
acetic anhydride) In the presence of an organic base {e.g., triethylamine or pyridine, preferably pyridine). Suitak)le 
solvents for the reaction are inert organic solvents, such as halogenated or aromatic hydrocarbons, e.g., benzene, 
dichloromethane, 1.2<lichloroethane, carbon disulfide, and the like, preferably dichioromethane. 

An exemplary preparation of a compound of formula 1 where R^ is 3-acetylanrnnophenyl is described in detail 
in Example 10. 

Reaction Scheme 4 describes the preparation of an A/-oxide of a compound of formula I where R^ is other than 
hydrogen, and R^, R^, R^. R^ and R^ are as defined above. 
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An N-oMe compound of formula lb is prepared by the oxidation of a compound of formula I with a suitable oxidizing 
agent such as peroxkie or peracid. e.g., /n-chloroperbenzoic acid or hydrogen peroxide, preferably m-chloroperbenzoic 
20 acid. Suitatsle solvents for the reaction are inert organic solvents, such as halogenated or aromatic hydrocart)ons. e.g., 
benzene, dichloromethane. 1 ,2'dichloroethane. and the like, preferably dichloromethane. 

An exemplary preparation of the N-oxkie compound of formula lb Is descril>ed In detail In Example 1 1 . 
A compourxi of formula I ntay be resolved Into Its individual (Sy and (R)-enantiomers by conventional resolution 
means; for example separation (eg., fractional crystallization) of the diastereomeric salts formed by combining the 
25 compound of formula 1 with an optically active acid, at temperatures between 0 °C and the reflux temperature of the sol- 
vent employed for fractional crystallization. Exemplary of such optically active acids are camphor- 10-sulfonic acid. 2- 
bromo-camphor-10-sulfonic acid, camphoric acid, menthoxyacetic acid, tartaric acid, dibenzoyltartaric add, malic acid, 
diacetyltartaric acid, pyn'olidine-5-cartx)xylic acid, and the like. The separated pure diastereomeric salts may then be 
cleaved by standard means, such as treatment with a base, to afford the (S)-or (^-enantlomer of a compound of for- 
30 muia I. 

Alternatively, the (S)- or (R)- enantiomer of a compound of formula I may be prepared by conventional means such 
as synthesis with a single stereoisomer intermediate and reacting In such a manner that the chiral center is unaffected. 
For example, compounds of formula I may be prepared starting with an optically pure hydroxymethyl piperidine com- 
pounds fbllowing the procedures of described in Reaction Scheme II. An optically pure hydroxymethyl piperidine com- 

35 pound can be obtained via reduction of an enantiomer of an ethyl piperidinecartx)xy)ate derivative. The resolution of 
ethyl 3-piperidinecarboxylate with an optically active add salt to form the optically active {R)- and (S)-enarrtlomers is 
well exemplified in the chemical literature, for example, Zeng et al. Chirality 1995, 7, 90-95; and Akkerman et aL Rec. 
Trav. Chim. Pays-Bas 1951, 70, 899-916. 

The compounds of formula I and their pharmaceutically acceptable salts and A/-oxides have been found to possess 

40 valuable pharmacological properties. In particular, they have been shown to be useful as sodium channel blockers in 
standard laboratory tests. 

The ability of compounds of formula I to block sodium channels may be demonstrated by a variety of assays known 
to those of ordinary skill in the art, such as the in vitro assay of Kburtney and Stricharz described in Local Anesthetics, 
Springer- Verlag. New York. 1987. or modifications thereof. The assay Is shown In Exanrple 18. 

45 The ability of compounds of formula I to block sodium channels may also be demonstrated in vivo assays, such as 
the mechanical allodynia assay described in Example 19; the cold allodynia assay as described in Example 20; the 
mechanical hyperalgesia assay descritsed in Example 21 ; and the thermal hyperalgesia described in Example 22. 

Accordingly, these cx)mpounds and pharmaceutically acceptable compositions containing them are useful in the 
regulation of physiological phenomena related to sodium channel blockade and are potentially effective therapies for a 

50 variety of chronic neuropathic pain syndromes, including peripheral neuropathies such as trigeminal neuralgia, posther- 
petic neuralgia, glassopharyngeal neuralgia; neuropathy secondary to metastatic infiltration; and burn pain. 

Clinic evidence supports a therapeutic role for sodium channgel blockers in the treatment of neuropathic pain orig- 
inating in the peripheral nervous system, including cervical and lumt>ar radiculopathies (Nagaro et al., Japanese J. 
Anesthesiology 1995. 44, 862-867; Ferrante et al., Anesthesia & Analgesia 1996, 82, 91-97), diabetic neuropathy (Dej- 

55 gard et al.. Lancet 1988, 1 , 9-1 1), neuralgic pain (Marchettini et al.. Pain 1992, 48, 377-382; Rowbotham, M.C. et al.. 
Neurology 1991. 41. 1024-1028), and peripheral netve injury (Chabal et al.. Anesthesiology 1992, 76, 513-517). In 
addition to these conditions, two retrospective dinical studies have found that these agents provided partial to complete 
relief of pain assodated with reflex sympathetic dystrophy and causalgia (Edwars et al., Regional Anesthesia 1 985, 10, 
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1-6; Galer et al.. Neurology 1993. 43. 1233-1235). Central pain conditions following stroke, thalamic lesions and multi- 
ple sclerosis have also responded to treatment by these agents (Edmondson et al., Southern Med. J. 1993. 86, 1093- 
1096; Nagaro et al. 1995 idem). 

Clinical and experimental evidence support a therapeutic role for sodium channel blockers in the treatment of can- 
5 cer pain (Nagaro et al. 1995 idem; Chong et al.. J. Pain & Symptom Management 1997, 13. 1 12-117) and in many 
chronic, non-malignant pain states, including pain of musculoskeletal origin, adiposis dolorosa (Arkinson et al.. Interna- 
tional J. Obesity 1982. 6. 351-357; Petersen. R and Kastrup. J. Pain 1987. 28. 77-80) and cluster headaches (Bobbins 
et al.. Headache 1995. 35. 83-84) or migraine headaches (Kudrow et al.. Headache 1995. 35. 79^82; Malzets et al.. 
JAMA 1996. 276. 319-321). 

10 Experimental e/ldence supports a therapeutic role for sodium channgel blockers as neuroprotective or cerebropro- 
tective agents and may provide an effective strategy against neurological damage (e.^.. ischemia, head trauma, 
hypoxia, stroke). Long-term beneficial effects on neurological deficit, cognitive deficit and brain damage after middle 
cerebral artery occlusion (Smith. S.E., Neuroscience 1997, 77. 1 123-11 35); neuroprotective, anticonvulsant and seda- 
tive properties in transient global cerebral ischemia (Doble, A., Neurology 1996, 47 (6 SuppI 4), S233-41); and reduc- 

75 tion of ischemic brain damage after acute subdural hematoma model (Tsuchida E. et al.. J. of Neurosurgery 1996. 85. 
104-1 1 1) were demonstrated in rodent models. 

Clinic evidence supports a therapeutic role for sodium channgel blockers for pre-emptive analgesia at low. non- 
toxic, systemic concentrations (Strichartz. G.. Anesthesiology 1995. 83. 654-655). In many surgical intervention proce- 
dures, hypersensitivity reactions to tactile and painful stimuli can result from disruption to soft tissue or a nnajor nerve. 

20 This can be apparent for several weeks or even longer following initial surgery. Since sodium channgels play a funda- 
mental role in neuronal hyperexcitability. pre-emptive treatment with a channgel blocker may limit any potential hyper- 
sensitivity reaction to the surgery. 

In applying the compounds of this invention to treatment of the above conditions, administration of the active com- 
pounds and salts described herein can be via any of the accepted modes of administration, including oral (including 

25 sublingual or buccal), nasal, parenteral and othenwise systemic routes of administration. Any pharmaceutically accept- 
able mode of administration can be used, including solid, semi-solid or liquid dosage forms, such as, for example, tab- 
lets, suppositories, pills, capsules, powders, liquids, suspensions, sprays or tiie like, preferably in unit dosage forms 
suitable for single administration of precise dosages, or in sustained or controlled release dosage forms for the pro- 
longed administration of the compound at a predetermined rate. The compositions will typically include a conventional 

30 pharmaceutical carrier or excipient and an active compound of formula I or the pharmaceutically acceptable salts 
thereof and, in addition, may include other medicinal agents, pharmaceutical agents, carriers, adjuvants, etc. 

The amount of active compound administered will, of course, be dependent on the subject being treated, the sever- 
ity of tiie affliction, the manner of administration and tiie judgment of the prescrfoing physician. However, an effective 
dose for oral, parenteral and otherwise systemic routes of administration is in the range of about 0.1-5 mg/kg/day. For 

35 an average 70 kg human, this would amount to about 10-350 mg per day. 

One of ordinary skill in the art of treating such diseases will t>e able, without undue experimentation and in reliance 
upon personal knowledge and the disclosure of this application, to ascertain a therapeutically effective amount of a 
compound of formula I for a given disease. 

For solid compositions, conventional non-toxic solid carriers include, for example, pharmaceutical grades of man- 

40 nitol. lactose, cellulose, cellulose derivatives, sodium crosscarmeilose, starch, magnesium stearate. sodium saccharin, 
talcum, glucose, sucrose, magnesium cartx)nate. and the like. The active compound as defined above may be formu- 
lated as suppositories using, for example, pdyalkylene glycols, acetylated triglycerides and the like as tiie carrier. Liquid 
pharmaceutically administrable compositions can, for example, be prepared by dissolving, dispersing, etc. an active 
compound as defaied above and optional pharmaceutical adjuvants in a carrier, such as, for example, water, saline, 

45 aqueous dextrose, glycerol, etiianol, and tine like, to thereby form a solution or suspension. If desired, the pharmaceu- 
tical composition to be administered may also contain minor amounts of nontoxic auxiliary sut>stances such as wetting 
or emulsifying agents. pH buffering agents and the like, for example, sodium acetate, sorbitan monolaurate, trteth- 
anolamine sodium acetate, sorbitan monolaurate, triethanolamine oleate, etc. The composition or formulation to be 
administered will, in any event, contain a quantity of the active compound(s) in an amount effective to alleviate tiie 

50 symptoms of the subject being treated. 

Dosage forms or compositions containing active ingredient (compounds of formula I or its salts) in the range of 0.25 
to 95% with tiie balance made up from non-toxic carrier may be prepared. 

For oral administration, a pharmaceutically acceptable non-toxic composition is formed by the incorporation of any 
of the normally employed excipients. such as, for exanrpie phamriaceutical grades of mannitol. lactose, cellulose, cellu- 

55 lose derivatives, sodium aosscarmeilose. starch, magnesium stearate. sodium saccharin, talcum, glucose, sucrose, 
magnesium, caribonate, and the like. Such compositions take the form of solutions, suspensions, tablets, pills, capsules, 
powders, sustained release formulations and the like. Such compositions may contain 1%-95% active ingredient, more 
preferably 2-80%, most preferably 5-50%. 
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Parenteral administration is generally characterized by injection, either sutx;utaneously. intramuscularly or intrave- 
nously. Injectat)les can b prepared in conventional forms, either as liquid solutions or suspensions, solid forms suitabi 
for solution or suspension in liquid prior to injection, or as emulsions. Suitable excipients are, for example, water, saline, 
dextrose, glycerol, thanol or the like. In addition, if desired, the pharmaceutical compositions to be administered may 
5 also contain minor amounts of non-toxic auxiliary substances such as wetting or emulsifying agents. pH buffering 
agents and the like, such as for example, sodium acetate, sorbrtan monolaurate. triethanolamine oleate, trieth- 
anolamine sodium acetate, etc. 

A more recently devised approach fbr parenteral administration empk)ys the implantation of a sk>w-release or sus- 
tained-release system, such that a constant level of dosage Is maintained. See. e.g., U.S. Patent No. 3,710,795. 
10 The percentage of active compound contained in such parental compositions is highly dependent on the specific 
nature thereof, as well as the activity of the compound and the needs of the subject. However, percentages of active 
ingredient of 0.1% to 10% in solution are employable, and will be higher if the composition is a solid which will be sub- 
sequently diluted to the above percentages. Preferably the composition will comprise 0.2-2% of the active agent in solu- 
tion. 

15 The compositions of the present invention may also be formulated for administration in any convenient way by anal- 
ogy with other topical compositions adapted for use in mammals. These compositions may be presented for use in any 
conventional manner with the aid of any of a wide variety of pharmaceutical carriers or vehicles. For such topical admin- 
istration, a pharmaceutically acceptable non-toxic formulation can take the form of semisolid, liquid, or solid, such as, 
fbr example, gels, aeams. lotions, solutions, suspensions, ointments, powders, or the like. As an example, the active 

20 components may be formulated into a gel using ethanol, propylene glycol, propylene carbonate, polyethylene glycols, 
diisopropyl adipate. glycerol, water, etc.. with appropriate gelling agents, such as Carbomers. Klucels. etc. If desired, 
the formulation may also contain minor amounts of r>on-toxic auxiliary sut>stances such as preservatives, antioxidants, 
pH buffering agents, surface active agents, and the like. Actual methods of preparing such dosage forms are known, or 
will be apparent, to those skilled in the art; fbr example, see Remington's Pharmaceutical Sciences, Mack Publishing 

25 Company, Easton, Pennsylvania, 19th Edition, 1995. 

Preferably the pharmaceutical composition is administered in a single unit dosage form for continuous treatment or 
in a single unit dosage form ad libitum when relief of symptoms is specifically required. Representative pharmaceutical 
formulations containing a compound of formula 1 are described in Examples 12-1 7. 

30 EXAMPLES 

The following preparations and examples are given to enable those skilled in the art to more clearly understand and 
practice the present invention. They shouki not be considered as limKing the scope of the invention, but merely as being 
illustrative and representative thereof. 

35 

PREPARATION 1 

Preparation of Compounds of Formula (1) 

40 A Preparation of (1) where and are Methyl. R^ and R§ are Hydrogen, and R^ is 3-Nitrophenvl 

To a solution of 4-bromo-2,6-dimethylphenoI (2.58 g, 12.8 mmol) and 3-nttrophenylboronic acid (2.08 g. 12.5 
mmol) in toluene (50 mL) were added tetrakis(triphenylphosphine)palladlum(0) (0.48 g. 0.42 mmol) and 2M sodium 
carisonate (6.3 mL. 13 mmol). Tlie mixture was stirred at 100 ""C fbr 22 hours at which time additional palladium 
catalyst (1 50 mg) was added. The mixture was heated fbr another 20 hours and then cooled to room temperature. 

45 The mixture was partitk>ned between water and ethyl acetate. The organk: layer was dried and concentrated. The 
residue was purified on silica gel, eluting with 12% ethyl acetate in hexanes, to provide 4-(3-nitrophenyl)-2.6- 
dimethylphenol as a yellow solid (0.932 g, 31%). 

B. Preparation of (1d) where R^ and R- are Methyl. R^ and R- are Hydrogen, and A is 2.2.2-Trifluoroethvl 

2,2,2-Trifluoroethyl triflate (1.02 g, 4.40 mmol) and potassium cartxjnate (1.10 g, 1.01 mmol) were added to a 

50 solution of 4-hydroxy-2,6-dimethylphenyl acetate (673 mg, 3.73 mmol) in 2-bulanone (15 mL). The mixture was 
stirred at 70 °C for 72 hours, then cooled to room temperature and concentrated. The residue was partitioned 
between water and ethyl acetate. The organic layer was washed twice with water and brine and dried. The solvent 
was removed in vacuo and tiie residue purified on silica gel, eluting with 10% ethyl acetate in hexanes. to give 2.8- 
dimethyt-4-(2,2.2-trifluoroethoxy)phenyl acetate (733 mg, 75%). 

55 The 2.6-dimethyl-4-(2.2.2-trKluoroethoxy)phenyl acetate (733 mg, 2.80 mnfK>l) in methanol (10 mL) was treated 

with sodium metal and stirred at room temperature overnight. The solvent was removed and the residue partitioned 
between ethyl acetate and water. The organic layer was washed twice with brine and dried. The solvent was 
removed to give 2,6<jimethyl-4-(2.2,2-trifluoroethoxy)phenol. 
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PREPARATION 2 

Preparation of Compounds of Formula (2) 

5 A. Preparation of (2) where is Methyl and Y Is p-Toluenesulfonv! 

A solution of (^-3-hydroxymethyt-1-methylpiperidine (2.6 g. 20 mmol) in dichloromethane (70 mL) was cooled 
to 5 ""C and tosyl chloride (3.8 g, 20 mn(X)l) was added in portions during 15 minutes. After the addition was com- 
plete, the reaction was allowed to warm to room temperature and was stirred fbr 20 hours. The reaction mixture was 
then concentrated and the residue partitioned between 1 0% potassium hydroxide (50 mL) and ether (1 00 mL). The 

10 ether layer was removed and the aqueous phase extracted once again with ether (50 mL). The combined ether lay- 
ers were dried over magnesium sulfate and concentrated to afford (/?)-3-tosyloxymethyt-1-methylpiperidine as a 
white solid (2.4 g. 42%. m.p. 74.5-81.0 ^C). 
B. Preparation of (2a) where P is terf'Butoxycartxjnyl 

Ethyl 3-piperidinecarboxylate (200 g) was combined with (-)-D-tartaric acid (191 g) in hot 95% ethanol. The 

15 resulting precipitate was filtered and recrystallized six times from 95% ethanol to give (S)-ethyl 3-piperidinecart)0x- 
ylate D-tartrate salt of high optical purity as determined by chiral HPLC analysis. 

Aqueous sodium hydroxide (31 .2 g in 1 00 mL water) was added to a solution of (S)-ethyl 3-piperidinecarfcx)xy- 
late D-tartrate salt (100 g) in tetrahydrofuran (IL) while maintaining a temperature below 8 ''C. After the addition 
was complete, di-fe/t-butyl dicark>onate (1 00 g) in tetrahydrofuran (200 mL) was added dropwise at a temperature 

20 maintained below 10 °C. After 2.5 hours, the reaction was partitioned between ethyl acetate (2L) and water (2L). 
The organic layer was removed, washed with water (2 X 500 mL) and brine (300 mL), dried over magnesium sul- 
fate, and concentrated. The residue was dissolved in dry tetrahydrofuran (1 L) and cooled to 10 ""C. 

Lithium borohydride (200 mL of a 2.0M solution in tetrahydrofuran) was added dropwise at a temperature main- 
tained below 10 ""C, and the reaction stirred at room temperature for 24 hours. Additional lithium borohydride solu- 

25 tion (20 mL) was added and the reaction mixture stirred at room temperature fbr anotiier 20 hours. Sodium sulfate 
decahydrate (50 g) was slowly added, and the mixture was filtered. The solids were washed with ethyl acetate (200 
mL), concentrated, and partitioned between etiier (1L) and brine (500 mL). The ether layer was dried over magne- 
sium sulfate and concentrated to give (S)-A/-(ter/-butoxycarbonyl)-3-hydroxymethylpiperidine as a white solid (47 

g). 

30 

PREPARATION 3 

Preparation of Compounds of Formula (Z) 

35 A. Preparation of (3) where R^ and R^ are f^ethyl. R^ .R ^. and R§ are Hvdroqen. and P is ferf-Butoxvcarbonvl 

(S)-A/-(terf-Butoxycartx)nyl)-3-hydroxymethylpiperidine (11.0 g, 51.1 mmol) and triphenylphosphine (14.7 g. 
56.2 mmol) were added under a dry nitrogen atmosphere to a solution of 2,6-dimethylphenol (6.24 g. 51.1 mmol) 
dissolved in dry tet'ahydrofuran (200 mL). The solution was cooled in an ice bath and diethyl azodicartxjxylate (6.9 
mL, 56.2 mmol) in tetrahydrofuran (40 mL) was added dropwise at a rate which kept the temperature below 10 °C. 

40 After the addition was conplete, the mixture was allowed to stir at room temperature for 48 hours. The reaction mix- 
ture was partitioned between ethyl acetate (1 L) and water (1 L). The organic layer was washed with water (3 X 300 
mL), brine (200 mL), dried, filtered and chromatographed on silica gel, eluting with ethyl acetate/hexanes (9:1) and 
concentrated to give (S)-(A/-tert-txjtOKycart>onyl)-3-(2,6-dimethylphenoxymethyl)piperidine as a dear oil (13.0 g, 
45.2%). 

45 B. Preparation of (3) where R^ and R^ are Methyl. and are Hydrogen. R^ is Bromo. and P is terf-Butoxvcar- 
bonyl 

A solution of diethyl azodicarboxylate (16.1 mL. 102.2 mmol) in tetrahydrofuran (50 mL) was added dropwise 
during 1 .5 hours to an ice cold solution of (S)-A/-(ter/-butoxycarix>nyl)-3-hydroxymethylpiperidine (20.0 g, 92.9 
mmol). 4-bromo-2,6 dimetiiylphenol (18.7 g. 92.9 mmol). and triphenylphosphine (26.8 g, 102.2 mmol) in tetrahy- 

50 drofuran (300 mL). while maintaining the temperature below 10 ""C. After the addition was complete, tiie reaction 
was stirred at room temperature for 48 hours and partitioned between etiiyl acetate (1L) and water (IL). After 
extracting the aqueous phase with additional ethyl acetate (2 X 200 mL). the combined ethyl acetate layers were 
washed with brine (250 mL). dried over magnesium sulfate, and concentrated to afford a thick yellow oil. The oil 
was combined with hexane (500 mL) and ether (50 mL) and stirred fbr 30 minutes. The resulting white precipitate 

55 was removed by filtration and washed with additional hexane (50 mL). The combined filtrates were concentrated to 
give aude (S)-A/-(te/t-butoxycarbonyl)-3-(4-bromo-2,6'dimethylphenoxymethyl)piperidine as a clear yellow oil (44 

g)- 
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EXAMPLE 1 

Preparation of Compounds of Formula la 

A. Preparation of la where R- and are Methyl. and R- are Hydrogen, and is Bromo 

Trtfluoroacetic add (80 mL) was added dropwise during 20 minutes to a solution of (S)-A/-(ferf-butoxycartx>- 
nyl)-3-(4-bronio-2,6-dimethylphenoxymethyl)piperidine (37.0 g, 92.9 mmol) in dichloromethane (250 mL) at a tem- 
perature of 5 ''C. After the addition was conplete, the reaction mixture was stin-ed at room temperature fbr 2 hours. 
The solvent was then et/aporated and the residue partitioned between 25% aqueous sodium hydroxide (200 mL) 
and ether (500 mL). The organic layer was removed and the aqueous phase extracted with additional ether (2 X 
300 mL). The combined ether layers were washed with brine (100 mL), stin-ed over magnesium sulfate for 2 hours, 
and filtered to give a solution of (S)-3-(4-bromo-2,6-dimethylphenoxymethyl)piperidine. 

The (S)-3-(4-bromo-2,6-dimethylphenoxymethyl)pip^idine in ether was treated with 1M solution of hydrochlo- 
ric acid in ether (102 mL). The resulting white precipitate was filtered, and dried in vacuo to yield (S)-3-(4-bromo- 
2.6-dimethylphenoxymethyl)-piperidine hydrochloride (29.5 g, 94.5%. m.p. >280 °C). 

B. Similarly, replacing (S)-A/-(fer/-butoxycarlx)nyl)-3-(4-bromo-2,6-dimethylphenoxymethy!)piperidine with other 
conrpounds of formula (3). and following the procedures of Example 1 A above, the following compounds of formula 
la were prepared: 

3''(4-bromo-2,6-dimethylphenoxymethyl)piperidine hydrochloride, m.p. 263.3-264.7 ""C; 
3-(2.6-dimethylphenoxymethyt)piperidine hydrochloride, m.p. 204.1-205.7 ^C; 
(S)-3-(2,6-dimethylphenoxymethyl)piperidine hydrochloride, m.p. 228.4-229.8 ^C; 
3-(4-chIoro-2,6-dimethylphenoxymethyl)piperidine hydrochloride, m.p. 176.1-178.2 °C. 

EXAMPLE 2 

Preparation of a Ck)mpound of Formula I 

Preparation of I where R^. R^ and R^ are Methvl. R^ and R- are Hvdroaen. and R^ is Bromo 

A. 3-Hydroxymethyl-1-methylpiperldlne (0.4 mL. 3.14 mnx>l) and triphenylphosphine (1.01 g, 3.85 mmol) were 
added to a solution of 4-bromo-2,6-dlmethyiphenol (517 mg, 2.57 mmol) in tetrahydrofuran (10 mL) at 0 ""C under 
dry nitrogen, followed by the dropwise addition of diethyl azodicarboxylate (0.57 mL. 3.60 mmol). The mixture was 
stirred at 0 ""C for 4 hours and the solvent removed in vacuo. The residue was purified on silica gel. eluting with 5% 
methanol in dichloromethane containing 0.25% ammonium hydroxide, to give 3-(4-bromo-2,6-dimethylphenoxyme- 
thyl)-1-methylpiperidine as an oil (531 mg. 66%). 

The 3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine was treated with IN hydrochloric acid in 
ether, and the precipitated salt was recrystallized from acetonrtrile/ferf-butyl methyl ether to yield 3-(4-bromo-2,6- 
dimethylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 180.9-183.5 °C. 

B. Similarly, following the procedures of Example 2A above, but replacing 4-bromo-2,6-dimethylphenol with other 
compounds of formula (1), other compounds of formula I were prepared: 

3-(2.6-dlmethylphenoxymethyl)-1-methylpiperidine hydrochloride. m.p. 163.2-163.7 ^'C; 
3-(4-fluoro-2,6-dimethy^henoxymethyl)-1-methylpiperidine fumarate. m.p. 155.4-155.9 **C; 
3-(4-chloro-2.6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 160.1-161.3 **C; 
3-(4-methoxy-2,6-dimethylphenoxymethyl)-1-methylpiperidine fumarate, m.p. 171.0-172.3 °C; 
3-[4-(2,2,2-trifIuoroethoxy)-2,6-dimethylphenoxymethyl]-1-methylpiperidine hydrochloride, m.p. 124.7-125.8 
°C; 

3-(2,4,6-trimethylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 169.0-171.2 ®C; 
3-(2,6-dimethyl-4-phenylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 243.6-244.6 **C: 
3-phenoxymethyl-1-methylpiperidine hydrochloride, m.p. 155.2-156.2 °C; 
3-(4-chlorophenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 211 .4-21 1.6°C; 
3-(4-bromophenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 236.0-237.3°C; 
3-(4-methoxyphenoxymethyl)-1-methylplperidine hydrochloride, m.p. 148.3-148.9 ^'C; 
3-(2-methylphenoxymethyl)-1-methylpiperldine hydrochloride. m.p. 191.6-192.3 ''C; 
3-(3-methylphenoxymethyl)-1-methytpq3eridine hydrochloride, m.p. 140.8-141 .9 ^'C; 
3-(4-metfvlplienoxymethyl)-1-methylpiperidine hydrochlorid . m.p. 173.8-1 74.5 **C; 
3-(2,4-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 180.3-183.5 *C; 
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3-(3.5<limethytphenoxymethyO-1-met)iytpiperidinehy^ m.p. 182.0-182.5 X; 

3-(4-bromo-2-m thylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 192.9-193.3 °C: 
3-{2,6-dichlorophenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 170.5-172.2 **C; 
3-(2,6-dichloro-4-fluorophenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 151.0-151.7 *C; 
3-(2,4,6-trichlorophenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 159.9-160.4 *C: 
3-[2,6-dimethyl-4-(3-nitrophenyl)phenoxymethyl]-1-methylpiperidine hydrochloride. m.p. 198.5-199.5 "^C; and 
3-[4-(/er^butyldimethyls^lyloxy)-2,6Kiimethylphenoxymethyl^^ NMR (300 MHz. CDCI3): d 

0.16 (s, 6H). 0.96 (s. 9H). 1.10-1.19 (m. 1H). 1.63-1.96 (m, 5H). 2.10-2.18 (m. 1H), 2.19 (s. 6H), 2.30 (s, 3H). 
2.79 (br d. J = 1 1 Hz. 1H). 3.1 1 (br d. J = 1 1 Hz, 1H), 3.56 (d. J = 6 Hz. 2H). 6.45 (s. 2H). 

C. Attematively, a solution of (R)-3-tosylQxymethyl-1-methylpiperidine (100 mg, 0.35 mmol), 4-bromo-2,6-dimethyl- 
phenol (75 mg, 0.37 mmol), and cesium carbonate (240 mg, 0.74 mmol) in dimethylformamide (4 mL) was heated 
to 65 °C under a nitrogen atmosphere for 1 .5 hours. The solution was cooled to room temperature and partitioned 
between ethyl acetate (50 mL) and water (30 mL). The organic layer was removed and the aqueous phase 
extracted once more with ethyl acetate (30 mL). The combined acetate layers were dried over magnesium sulfate 
and concentrated to afford the (fl)-3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine as a clear oil. This 
material was identical to that prepared In Example 2E when analyzed by chiral HPLC (Chiralpak AD. 97:3:0.1 hex- 
ane/2-propanol/diethylamine). 

D. Alternatively, formic add (16.7 mL, 333 mmol) and aqueous formaldehyde (37%. 9.1 mL) were added dropwise 
to (S)-3-(4-bromo-2,6-dimethylphenQxymethyl)piperidine (24.1 g, 80.8 mmol) that was being chilled In an Ice bath. 
After the addition was complete, the reaction was placed In an oil bath at a temperature of 95 *'C for 4 hours. The 
mixture was cooled to room temperature and partitioned between 15% aqueous sodium hydroxide (200 mL) and 
ether (600 mL). The aqueous phase was extracted twice more with additional ether (300 mL), and the ether layers 
combined, washed with brine (150 mL), dried and concentrated. The residue was chromatographed on silica gel, 
eluting with acetone/hexanes (1:1) and concentrated to give (S)-3-(4-bromo-2,6-dimethyIphenoxymethyl)-1-meth- 
yipiperidine as a clear oil. 

The (S)-3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine was dissolved In ether (600 mL) and 
treated with a 1M solution of hydrochloric acid in ether (90 mL). The resulting white precipitate was filtered and 
dried in vacuo to give (S)-3-(4-bromo-2,6-dimethylphenoxymethyl)-l-methylpiperidine hydrochloride (25.5 g. 87%, 
m.p. 209.7-210.5*^0). 

E. Similarly, replacing (S)-3-(4-bronrK}-2,6-dimethylphenoxymethyl)-piperidine with (R)-3-(4-bromo-2,6-dimethyl- 
phenoxymethyl)piperidine, and following the procedures of Example 2D above, the compound (H)-3-(4-bromo-2.6- 
dimethylphenQxymethyl)-1-methylpiperidine was prepared, m.p. 21 1.6-212.6 ''C. 

E XAMPLE 3 

Alternative Preparation of a Compound of Formula I 

Preparation of I where R^. R^. and R- are Methyl. R-. R-. and R- are Hydrogen 

A. A solution of 1M lithium aluminum hydride in tetrahydrofuran (45 mL. 45 mmol) was added dropwise during 30 
minutes to (S)-A/-(ferf-butoxycart}onyl)-3-(2,6-dimethy]phenoxymethyi)piperidine (13.0 g, 40.6 mmol) in dry tet- 
rahydrofuran (250 mL) under a dry nitrogen atmosphere. After the addition was complete, the reaction mixture was 
heated at reflux for 4 hours, stinred at room temperature for 20 hours, and quenched by the cautious addition of 
solid sodium sul^te decahydrate (70 g). The sodium sulfate was removed by filtration and washed with ethyl ace- 
tate (3 X 150 mL). Hie combined filtrates were concentrated, and the residue chromatographed on silica gel, elut- 
ing with dichloromethane/ methanol (9.5:0.5) to give (S)-3-(2,6-dimethylphenoxymethyl)-1-methylpipertdine as a 
clear oil (8.0 g). 

The (S)-3-(2,6-dimethylphenoxymethyl)-1-methylpiperidine (8.0 g) was dissolved in ether (500 mL) and treated 
with a 1 M solution of hydrochloric acid in ether (37.7 mL). The thick white precipitate was isolated by filtration, 
washed with ether (75 mL), and dried to give (S)-3-(2.6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride 
(8.6 g, 93%. m.p. 149.8-151.3 °C). 

B. Similarly, replacing (S)-A/-(/ert-butQxycarbonyl)-3-(2,6-dimethylphenoxymethyl)piperidine with other compounds 
of formula (3), and following the procedures of Example 3A above, the following compounds of formula I were pre- 
pared: 

(R)-3-(2,6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 151.7-152.8 ^'C; 
(S)-3-(4-chloro-2,6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride, m.p. 172.0-173.0 'C: 
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(S)-3-phenoxymethyl-1-methylpiperidine hydrochloride, m,p. 152.7-153.2 *C; and 
(fl)-3-phenoxymethyl-1-methylpiperidine hydrochloride, m.p. 152.5-153.4 **C. 

EXAMPLE 4 

5 

Alternative Preparation of a ComDOund of Formula I 

Preparation of I where Rl Is CvdopfOPvlmethvL and are Mettivl. and R^. M and r5 are Hydrogen 

10 A. Cydopropylcarbonyl chloride (1.7 mL, 18 mmol) was added dropwise during 15 minutes to an ice cold mixture 
corrtaining (S)-3-(2,6-dimethylphenoxymethyl)pipertdine hydrochloride (4.4 g. 17 mmol). aqueous sodium bicartx)- 
nate (75 mL), and ethyl acetate (100 mL). After the addition was complete, the reaction was stirred at room tem- 
perature for 1 hour, and the resulting ethyl acetate layer was separated and concentrated. The residue was 
dissolved in dry tetrahydrofuran (125 mL) under a dry nitrogen atmosphere and a 1M solution of lithium aluminum 

IS hydride in tetrahydrofuran (18.9 mL) was added dropwise. When the addition was complete, the reaction mixture 
was heated to reflux for 2 hours, then cooled to room temperature. Solid sodium sulfate decahydrate (10 g) was 
slowly added with stinging and the mixture was filtered. The filtrate was concenti^ated and chromatographed on silica 
gel. eluting with acetone/hexanes (1:3) to give (S)-1-cyclopropylmethyl-3-(2.6-dimethylphenoxymethyl)piperldine 
as an oil. 

20 The (S)-1-cyclopropylmethyl-3*(2,6-dimethylphenoxymethyl)piperidine was dissolved in dry ether (125 mL) 

and treated with 1M hydrochloric acid in ether (18.9 mL). The white precipitate was collected and dried under vac- 
uum to give (S)-l-cyclopropylmethyl-3-(2,6<iimethylphenoxymethyl)-piperidine hydrochloride. (3.6 g, 66%, m.p. 
1 37.3-1 37.5^C). 

B. Similarly replacing (S)-3-(2,6-dimethyiphenoxymethyt)piperidine hydrochloride with other compounds of formula 
25 la, and optionally replacing cydopropylcarbonyl chloride with other acid chlorides, and following the procedures of 
Example 4A above, the following compounds of formula I were prepared: 

1-cyclopropylmethyl-3-(2,6-dimethylphenoxymethyl)piperidine hydrochloride, m.p. 147.5-148.0 °C; 
(R)-1-cyclopropylmethyl-3-(2.6-dimethylphenoxymethyl)piperidine hydrochloride. m.p. 137.2-138.1 °C; 
30 3-(2,6-dimethylphenoxymethyl)-1 -ethylpiperidine hydrochloride. m.p. 157.2-1 60.0 ""C; 

3-phenoxymethyl-1-ethylpiperidine hydrochloride. m.p. 168.3-169.8 ^'C; and 
S-phenoxymethyl-l-cyclopropylmethylpiperidine hydrochloride. m.p. 151.7-153.3^0. 

EXAMPLE 5 

35 

Alternative Preparation of a Compound of Formula I 

Preparation of I where is 2-Dimetiivlaminoethvl. R^ and R^ are Methvl. and R^. R^ and R^ are Hydrogen 

40 Chloroacetyl chloride (1 .5 mL, 19 mmol) was added dropwise to a mixture of 3-(2.6-dimetiiylphenoxymethyl)pipe- 
ridine hydrochloride (4.0 g, 16 mmol) in saturated aqueous sodium bicart)onate (70 mLj and etiier (100 mL) that was 
cooled with an ice batii. After the addition was complete, the reaction mixture was stirred at room tenrperature for 2 
hours. The ether layer was removed and concentrated, and the residue taken up in dry meflianol (100 mL) while being 
cooled In an Ice batii. Dimetiiylamine gas was bubbled into tiie solution slowly for 15 minutes, and the mixture was 

45 stin'ed at room temperature for 20 hours. The solvent was evaporated and the residue taken up in dry tetrahydrofuran 
(1 50 mL) under a nitrogen atmosphere, and a 1 M solutron of lithium aluminum hydride in tetrahydrofuran (1 7.2 mL) was 
added. The reaction mixture was heated under reflux for 4 hours and stirred at room temperature for 20 hours. Solid 
sodium sulfate decahydrate (25 g) was slowly added and the mixture filtered. The solid was washed twice with ethyl 
acetate (100 mL) and the combined organic layers were concentrated. The residue was partitioned t>etween 10% aque- 

50 ous hydrochloric acid (40 mL) and ether (50 mL). The aqueous layer was made alkaline with 50% potassium hydroxide 
and extracted with ether (3 X 50 mL). The combined ether layers were washed with brine (100 mL) and dried to give a 
solution of 3-(2,6-dimethylphenoxymethyl)-1 -(2-dimethylaminoetiiyl)piperidine. 

The 3-(2,6-dimethylphenoxymethyl)-1-(2-dimethylaminoethyl)piperidine solution was treated with a 1M solution of 
hydrochloric acid in ether (1 7.2 mL). The resulting predpitate was isolated by filtration, then dried under vacuum to give 

55 3-(2,6<limetiiylphenQxymethyl)-1-(2-dimethylaminoetiiyl)-piperidine hydrochloride (4.0 g. 71%. m.p. 263.2-263.5 °C). 
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EXAMPLE 6 



Alternativ Preparation of a Ckampound of Formula i 

Preparation of I where is 3-MethanesutfonamicioproDyl. and R- ar Methvl. and R^. R^. and are HydroQen 

3-(2,6-DiniethylphenQxymethyl)piperidine hydrochloride (1 .0 g, 3.9 mmol) was suspended in ethyl acetate (60 mL) 
and washed with 10% aqueous sodium hydroxide (50 mL). After the ethyl acetate layer was renrtoved, dried, and con- 
centrated, the residue was dissolved in dimethylfbrmamide (15 mL). Potassium cartXHiate (0.65 g, 4.7 mmol) was 
added and then A/-(3-chloropropyO-methanesulfbnanrude (810 mg, 4.7 mmol) was added dropwise to the mixture which 
was then stirred at room tennperature for 20 hours, at which time it was partitioned between ethyl acetate (100 mL) and 
water (100 mL). The aqueous phase was extracted with additional ethyl acetate (2 X 50 mL), and the combined ethyl 
acetate layers were washed with brine (60 mL), dried, and concentrated. The residue was chromatographed on silica 
gel, eluting with acetone/hexanes (1:1) containing 1% triethylamine, and concentrated to give 3-(2,6-dimethylphe- 
noxymethyl)-1-(3-methanesulfonamido)propylpiperidine as a clear oil. 

The 3-(2,6-dimethylphenoxyme1hyl)-1 -(3-methanesulfonamido)propyIpiperidine was dissolved in ether (30 mL) and 
treated with 1M hydrochloric acid in ether (4.7 mL). The resulting white precipitate was isolated by filtration to give 3- 
(2,6'dimetiiy^henoxymethyl)-1 -(3-methanesulfonamido)-propylpiperidlne hydrochloride (650 mg, 43%, m.p. shrinks 51 
'C). 

EXAMPLE 7 

Alternative Preparation of a Compound of Formula I 

Preparation of I where R^. R^ and R^ are Mettivl. R^ and R^ are Hydrogen, and R^ is Hydroxy 

To a solution of 3-[4-(te/t-butyldimethylsiIyloxy)-2.6-dimethylphenoxymetiiyl]-1 -methylpiperidine (32 g, 8.8 mmol) in 
tetrahydrofuran (50 mL) containing 20% acetic acid (5.5 mL, 19 mmol) at 0 °C was added 1M tetrabutylammonium flu- 
oride in tetrahydrofuran (17.5 mL). The mixture was stirred from 0 to room temperature overnight and concentrated 
in vacuo. The residue was partitioned between water and dichlorometiiane. The organic layer was dried and concen- 
trated and the residue purified on silica gel, eluting with 5% methanol In dichloromethane containing 0.25% ammonium 
hydroxide, to give 3-(4-hydroxy-2,6-dimethylphenoxymethyl)-1-methylpiperidlne. 

This product was converted to the hydrochloride salt and reaystallized from etiianol/ferf -butyl metiiyl ether to give 
3-{4-hydroxy-2,6-cfimethylphenoxymethyl)-1-meUiylpiperidine hydrochloride (1.46 g. 58%, m.p. 224.5-225.5 "C). 

EXAMPLES 

Conversion of Compounds of Formula I to Other Compounds of Formula I 

Preparation of I where Rl. R^. and rS are Methyl. R^ and R^ are Hydrogen, and R^ is 3-Methoxyphenyl 

To a solution of 3-(4-bromo-2,6-dimethylphenoxymetiiyl)-1-methylpiperidine (531 mg, 1.70 mmol) in toluene (10 
mL) was added 3-metiioxyphenylboronic add (319 mg. 2.10 mmol), tetrakis-(tripheny(phosphine)palladium(0) (58 mg. 
0.05 mmol), and 2M sodium carbonate (1.7 mL. 3.4 mmol). The mixture was stinred at 100 ''0 overnight and cooled to 
room temperature. The solution was partitioned between water and ethyl acetate. The organic layer was washed twice 
with water, brine, and dried. The solvent was removed and tiie residue purified on silica gel, eluting with 5% methanol 
in dichlorometiiane containing 0.25% ammonium hydroxide, to give 3-[4-(3-methoxyphenyl)-2,6<limethylphenoxyme- 
thyl]-1 -methylpiperidine. 

The product was converted to the hydrochloride salt and aystailized from ethyl acetate to give 3-[4-(3-methoxyphe- 
nyl)-2.6-dimettiylphenoxymethyi]-1-mettiylpiperidine hydrochloride (301 mg, 45%, m.p. 175.2-178.8 ^'C). 

EXAMPLE 9 

Alternative Conversion of Compounds of Formula I to Other Compounds of Formula I 

Preparation of I where R^. R^. and R- are Methvl. R^ and R^ are Hydrogen, and R^ is 3-Aminophenvl 

A mixture of 3-[2.6-dimethyl-4-(3-nitrophenyl)phenoxymethyl]-1 -methylpiperidine (785 mg. 2.21 mmol), ethanol (10 
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mL), and ethyl acetate (5 mL) was hydrogenated overnight with platinum oxide (50 mg) at 1 atmosphere of hydrogen. 
Th reaction was purged with nitrogen and filtered through Celite. Th solids were washed with methanol and ethyl ace- 
tat . The filtrate and the washings were concentrated to give 3-[4-(3-aminophenyl)-2,6-dimethylphenoxymethy1]-1- 
methytpiperidine as a yellow oil (735 mg, quantitative). 

5 A portion of the oil (1 75 mg) was treated with 1 N hydrochloric acid in ether and crystallized from methanol/ether, to 
give 3-[4-(3-aminophenyl)-2,6-dimethylphenoxymethyl]-1-methylpiperidine dihydrochloride (193 mg, m.p. 272.3-273.9 

EXAMPLE 10 

10 

Alternative Conversion of Compounds of Formula I to Other Compounds of Formula I 

Preparation of I where R~ R^. and are Methyl. and R- are Hydrogen, and R- is 3-Acetylaminophenyi 

75 To a solution of 3-[4-(3-aminophenyl)-2,6-dimethylphenoxymethyl]-1-methylpiperidine (513 mg, 1.58 mmol) in 
dichloromethane at 0 '^C was added pyridine (1 .3 mL, 16 mmol) and acetic anhydride (0.75 mL. 8.0 mmol). The mixture 
was stirred overnight at a temperature range from 0"" to room temperature, and diluted with water and ethyl acetate. The 
aqueous layer was extracted with dichloromethane (3X), and the organic layers were dried and concentrated. The res- 
idue was purified on silica gel, eluting with 10% methanol/dichloromethane containing 0.5% ammonium hydroxide, to 

20 give 3-[4-(3-acetylaminophenyl)-2,6-dimethylphenQxymethyl]-1 -metfiy^iperkjine (479 mg, 82%). 

The 3-[4-(3-acetylaminophenyl)-2.6-dimethylphenQxymethyl]-1-methylpiperidine was treated with IN hydrochloric 
acid in ether and crystallized from methanol/ferf-butyl methyl ether, to give 3-[4-(3-acetylaminophenyl)-2.6-dimethyl- 
phenaxymethyQ-l-methylpiperldine hydrochloride (m.p. 231.0-231.9 ""C). 

25 EXAMPLE 1 1 

Preparation of an A/-Oxide of a Compound of Formula I 

Preparation of an A/-Oxide of I where R^. R^ and R^ are Methvl. R^ and R^ are Hvdroaen. and R^ is Bromo 

30 

A. (S)-3-(4-Brom-2,6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride (338 mg, 0.97 mmol) was parti- 
tioned between ether and aqueous sodium hydroxide. The ether was dried and concentrated to give an oil which 
was dissolved in dichloromethane (lOmL). To this solution was added m-chloroperbenzoic acid (327 mg, 50-60%). 
After 30 minutes, the reaction mixture was diluted with dichloromethane. then washed once with 10% aqueous 

35 sodium thiosullate and three times with aqueous sodium bicarbonate. After drying, the dichloromethane solution 
was concentrated and the residue recrystallized from ethyl acetate to give (S)-3-(4-bromo-2,6-dimethylphe- 
noxymethyl)-1-methylpiperidine-A/-oxide (90.1 mg, m.p. 210.0-211.0 °C). 

B. Similarly, replacing (S)-3-(4-Bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride with (S)-3- 
(2,6-dimethylphenoxymethyl)-1 -methytpiperidine hydrochloride, and following the procedures of Example 11A 

40 above, (S)-3-(2,6-dimethylphenoxymethyl)-1-methylpiperidine-A/-oxide (m.p. 203.5-204.8 ""C) was prepared. 

EXAMPLE 12 

This example illustrates the preparation of a representative pharmaceutical formulation for oral administration con- 
45 taining active compound of formula I. e.g., (S)-3-(4-bromo-2.6<limethylphenoxymethyl)-1-methylpiperidine hydrochlo- 
ride. 



50 


Ingredients 


Quantity per tablet, mgs. 




Active Compound 


200 




Lactose, spray-dried 


148 


55 


Magnesium stearate 


2 



The above ingredients are mixed and introduced into a hard-shell gelatin capsule. 

Other compounds of formula I can be used as the active compound in the preparation of the orally adminlstrable 
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formulations of this example. 



EXAMPi^ 13 

5 This example illustrates the preparation of another representative pharmaceutical formulation for oral administra- 
tion containing an active compound of formula I, e.g„ (S)-3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperldine 
hydrochloride. 



Ingredients 


Quantity per tablet, mgs. 


Active Compound 


400 


Cornstarch 


50 


Lactose 


145 


Magnesium stearate 


5 



20 The above ingredients are mixed intimately and pressed into single scored tablets. 

Other compounds of formula I can be used as the active compound in the preparation of the orally administrable 
formulations of this example. 

EXAMPLE 14 

25 

This example illustrates the preparation of a representative pharmaceutical formulation containing an active com- 
pound of formula I, e.^., (S)-3-(4-bromo-2,6-dimethyIphenoxymethyl)-1-methylpiperidine hydrochloride. 
An oral suspension is prepared having the following composition. 

30 



Ingredients 




Active Compound 


1.0 g 


Fumaric acid 


0.5 g 


Sodium chloride 


2.0 g 


Methyl paraben 


0.1 g 


Granulated sugar 


25.5 g 


Sorbitol (70% solution) 


12.85g 


Veegum K (VanderbiK Co.) 


1.0 g 


Flavoring 


0.035 ml 


Colorings 


0.5 mg 


Distilled water 


q.s. tolOOmI 



Other compounds of formula I can be used as the active compound in the preparation of the orally administrable 
50 formulations of this example. 

EXAMPLE 15 

This example illustrates the preparation of a representative pharmaceutical formulation for oral administration con- 
55 taining an active compound of formula I. e.g., (S)-3-(4-bromo-2.6-dimethylphenoxymethyl)-1-methylpiperidine hydro- 
chloride. 

An injectable preparation buffered to a pH of 4 is prepared having the following composition: 
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Ingredients 




Active Compound 

Sodium Acetate Buffer Solution (0.4 M) 
HCI (IN) 

Water (distilled, sterile) 


0.2 g 
2.0 ml 
q.s. to pH 4 

q.s. to 20 ml 



Other compounds of formula I can be used as the active compound in the preparation of the injectable formulations 
of this example. 

EXAMPLE 16 

This sample illustrates the preparation of a representative pharmaceutical formulation for topical application con- 
taining an active compound of fomiula I, e.g., (S)-3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine hydro- 
chloride. 



Ingredients 


grams 


Active oonpound 


0.2-10 


Span 60 


2 


Tween 60 


2 


Mineral oil 


5 


Petrolatum 


10 


Methyl paraben 


0.15 


Propyl paraben 


0.05 


BHA (butylated hydroxy anisole) 


0.01 


Water 


q.s. to 100 



All of the above ingredients, except water, are combined and heated to 60 °C with stirring. A sufficient quantity of 
water at 60 is then added with vigorous stirring to emulsify the ingredients, and water then added q.s. 100 g. 

Other compounds of formula I can be used as the active compound in the preparation of the topical formulations of 
this example. 

EXAMPLE 17 

This example illustrates the preparation of a representative pharmaceutical formulation containing an active com- 
pound of formula 1, e,g,, (S)-3-(4-bromo-2,6-dimethylphenoxymethyl)-1-methylpiperidine hydrochloride. 
A suppository totalling 2.5 grams is prepared having the following composition: 
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Ingredients 




Active Compound 
Witepsol H-15* 


SOOnfig 
balance 



^triglycerides of saturated 
vegetable fatty acid; a prod- 
uct of Riches-Nelson. Inc., 
New York, N.Y.) 



Other connpounds of formula I can be used as the active compound in the preparation of the suppository formula- 
75 tions of this example. 

EXAMPLE 18 

Sodium Channel Blockade In Vitro Assay 

20 

This assay determines the effectiveness of compounds of formula I as sodium channel blockers in an in vitro model 
by the inhibition of compound action potential propagation in isolated nerve preparations. 

The sodium channel assay was performed as desaibed in Kburtney and Stricharz Local Anesthetics, Springer- 
Verlag, New York, 1987. Briefly, the vagus nerves were removed from rats, continually superfusing them with control 
25 solutions or solutions of the compounds under test. Electric shocks were applied to the nerve to stimulate the propoga- 
tlon of nerve impulses. The amplitude of the synchronous compound action potential was measured; it was reduced as 
the sodium channels became blocked by the perfused compounds. 

These studies suggest that the compounds of formula I are potent use-dependent sodium channel blockers, par- 
ticularly at higher frequencies, when tested by this method. 

30 

EXAMPLE 19 

Mechanical Altodvnia In Vivo Assay 

35 This assay determines the effectiveness of compounds of formula I In relieving one of the synptoms in an in vivo 
model of neuropatiiic pain produced by spinal nerve ligation, namely mechanical allodynia. 

Tactile allodynia was induced in rats using the procedures described by Kim and Chung, Pain 1992, 50:355-363. 
Briefly the rats were anesthetized with an intraperitoneal dose of pentobarbital sodium (65 mg/kg) witii additional doses 
of anesthetic given as needed. Each animal was then placed in a prone position, a 3 cm lateral incision was made, and 

40 the left paraspinal muscles separated from the spinous process at the U-S2 level. The Le transverse process was then 
removed in order to visually identify the L4-L6 spinal nerves. The L5 and L^ spinal nerves were then individually isolated 
and tightly ligated witii silk thread. The wound was then closed in layers by silk sutures. These procedures produced 
rats which developed a significant increase In sensitivity to mechanical stimuli that did not elicit a response in normal 
rats. 

45 Mechanical sensitivity was assessed using a procedure desaibed by Chaplan et at. J. Neurosd. Methods 1994. 
53:55-63. Briefly, a series of eight Von Frey filaments of varying rigidity strength were applied to the plantar surface of 
the hind paw ipsllaterial to the ligations with just enough force to bend the filament. The filaments were held In this posi- 
tion for no more than three seconds or until a positive allodynic response was displayed by tiie rat. A positive allodynic 
response consisted of lifting the affected paw followed immediately by licking or shaking of the paw. The order and fre- 

50 quency with which the individual filaments were applied were determined by using Dixon up-down method. Testing was 
initiated with tiie middle hair of the series with sut>sequent filaments being applied in consecutive fashion, either 
ascending or descending, depending on whether a negative or positive response, respectively, was obtained with the 
initial filament. 

The results show that at one hour after oral administration, the compounds of formula 1 had a minimum effective 
55 dose as low as 300 mg/kg. Overall, the compounds of the present invention were found to be effective in reversing 
mechanical allodynia-like symptoms when tested by this method. 
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EXAMPLE 20 

Cold Allodynia In Vivo Assay 

5 This assay determines the effectiveness of conpounds in relieving one of the symptoms of neuropathic pain pro- 
duced by unilateral mononeuropathy, namely cold allodynia. 

Unilateral mononeuropathy was produced in rats using the Chronic Constriction Injury model performed essentially 
as described by Bennet and Xle, Pain 1968, 33:87-107. Briefly, the rats were anesthetized with an intraperitoneal dose 
of pentobarbital sodium (65 mg/kg). The lateral aspect of each rat's hind limb was shaved and scrubbed with Novasan. 

10 Using aseptic technique, an incision was made on the lateral aspect of the hind limb at the mid-thigh level. The biceps 
femoris was bluntly dissected to expose the sciatic nerve. On the right hind limb of each rat. four loosely tied ligatures 
were made around the sciatic nerve approximately 1-2 millimeters apart. On the left side of each rat, an identical dis- 
section was performed except that the sciatic nerve was not ligated. The muscle was closed with a continuous suture 
pattern, and the skin was closed with wound clips. 

75 The rats demonstrating unilateral mononeuropathy were assessed for acute and chronic cold allodynia sensitivity. 
Briefly, each rat was placed individually into a plexiglass chamber with a metal plate 6 cm from the bottom. This cham- 
ber was filled with ice water to a depth of 2.5 cm above the metal plate, with the temperature of the bath maintained at 
0 ^C throughout the experiment. A timer was started, and the raf s response latency was measured to the nearest tenth 
of a second. A "response" was defined as a rapid withdrawal of the right ligated hindpaw completely out of the water 

20 while the animal was stationary and not pivoting. An exaggerated linf^p while the animal was walking was not scored as 
a response. Maximum immersion time was 20 seconds with a 20 minute interval between trials. The screening criteria 
were 1) the average of two trials was less than or equal to 13 seconds, and 2) there was consistency across the two 
trial scores. Animals were screened for hypersensitivity to cold on post-surgery days 4 through 10. and selected for 
inclusion in dose-response studies based on the aiteria desaibed above. The pre-dose screening values were used 

25 as the animaPs baseline cold allodynia scores. 

For acute studies, the animals received oral injections and were tested for cold allodynia at 1, 3, and sometimes 5 
hours post-dose. The doses were based on the free base form of the compounds of formula I. When tested in the acute 
cold allodynia assay, the compounds of formula I generally demonstrated anti-allodynic effects at doses of 100 mg/kg. 
At higher doses (up to 600 mg/kg), inhibition of cold allodynia effects lasted up to 5 hours post-dose. 

30 For chronic studies, the animals received oral injections of either vehicle (dek)nized water; 10 mlTkg) or com- 
pounds of formula I (10 or 20 mg/kg), twice daily for 4 days and once on day 5. The animals were tested for allodynia 
on day 1 at 1 , 3 and 5 hours following the 8 am dose, and at 5 hours following the 8 am dose on days 3 arxl 5. Two days 
later (day 7), the animals were tested for cold alkxiyraa to assess whether there was a wash-out of the drug being 
tested. Following this screening for cold allodynia, the animals received oral injections of either vehicle or compounds 

35 of formula I at a dose prevbusty shown to produce significant anti-allodynic effects acutely (300 mg/kg po). One hour 
after this dosing, the animals were again tested for cold allodynia. For the chronic studies, the compounds of formula I, 
administered orally at sub-threshold doses can produce as robust an anti-allodynic effect as a 15-fokJ higher acute 
doses {cf, 20 mg/kg chronic vs 300 mg/kg acute) on day 5 of dosing. After a 48-hour wash-out period at day 7, the ani- 
mals were retested and were found to have returned to their baseline scores of allodynia, suggesting that the relief pro- 

40 vided by the conpounds of formula I was symptomatic with no disease modifying effect on the underlying 
pathophysiology of the neuropathy Importantly, the acutely active doses of the compounds of formula 1 (300 mg/kg) 
administered at the end of the chronic studies {i.e., day 7) produced significant anti-allodynic effects, indicating that tol- 
erance to the effects of chronic administration did not occur. 

The long lasting, effk»cious effects seen in this assay provide strong support for the utility of the compounds of the 

45 present invention in the treatment of neuropathic pain. 

EXAMPLE 21 

Mechanical Hyperalgesia In Vivo Assay 

50 

This assay determines the effectiveness of compounds in relieving one of the symptoms of neuropathic pain pro- 
duced by unilateral mononeuropathy, namely mechanical hyperalgesia. 

A chronic constriction injury was produced by loosely ligating the right common sciatic nerve as described by Ben- 
net and Xie. Pain 1 988, 33:87-1 07. The left common sciatic nerve was visualized, but not manipulated to produce sham 
55 conditions. 

The rats having a chronic constriction injury were assessed for mechanical hyperalgesia to a pin-prick stimulus as 
desaibed by Koch et al. Analgesia 1996, 2(3), 157-164. Briefly, the rats were placed in individual compartments of a 
plexiglass box with a warmed, perforated metal floor. Hindpaw withdrawal duration was measured after a mild pin prick 
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to the plantar surface of the ligated (right) and sham (left) hindpaws. 

The compounds of the present invention produced a long lasting (5 hours) reversal of mechanical hyperalgesia elic- 
ited by a pin-prick stimulus in rats with a chronic constriction injury when tested by this method. 

EXAMPLE 22 

Thermal Hyperalgesia In Vivo Assay 

This assay determines the effectiveness of conpounds in relieving one of the symptoms of neuropathic pain pro- 
duced by unilateral mononeuropathy, namely thermal hyperalgesia 

The rats having had surgery as described in Example 21 A were assessed fbr thermal hyperalgesia sensitivity at 
least 10 days post-surgery. Briefly, the rats were placed beneath inverted plexiglass cages upon an elevated glass plat- 
form and a radiant heat source beneath the glass was aimed at the plantar hindpaw. The duration of time before the 
hindpaw was withdrawn from the floor was measured to the nearest tenth of a second. The cutoff time for the heat stim- 
ulus was 20 seconds, and the light was calibrated such that this stimulus duration did not burn or blister the skin. Four 
latency measurements were taken for each hindpaw in each test session, alternating left and right hindpaws, with 5 
minute intervals between tests. The latencies of each side were averaged and a difference score was obtained. From 
12 days post-surgery, the pre-selected rats were randomly assigned to receive the drug or vehicle injections. 

Oral administration of the compounds of the present invention produced potent and efficacious anti-hyperalgesic 
effects in rats with unilateral mononeuropathy. Doses up to 300 mg/kg were tested without adverse events. The potency 
and efficacy of the compounds of formula I for inhibition of thermal hyperalgesia in rats with a unilateral nrK>noneuropa- 
thy, taken together with its clean safety profile after oral administratbn, suggests that the compounds of the present 
invention will be therapeutically effective in treating neuropathic pain with a low prot^ability of adverse events when 
tested by this method. 

While the present invention has been described with reference to the specific embodiments thereof, it should be 
understood by those skilled in the art that various changes may be made and equivalents may be substituted without 
departing from the true spirit and scope of the invention. In addition, many modifications may be made to adapt a par- 
ticular situation, material, composition of matter, process, process step or steps, to the objective spirit and scope of the 
present invention. All such modifications are intended to be within the scope of the claims appended hereto. 

Claims 

1 . A compound of the formula I : 




where: 

is hydrogen. (C1-4)alkyl. -(CH2)mCycloalkyl. -(CH2)mNR^R^ or -(CH2)mNR^S02R^: 
m is 1 to 3; 

R^ and R^ are independently hydrogen or (C1-4)alkyl; and 
R^ is (C1-4)alkyl; 

R^, R^, R^. and R^ are independently hydrogen, (C1-4)alky!. or halogen; 

R^ is hydrogen. (Cl-4)alkyl, hydroxy, alkyioxy, fluoroalkyloxy, halogen, or phenyl or mono- or di-sut}stituted 
phenyl, the substituents selected from alkyk>xy, amino, nitro. or acetylamino; 

provided that when R^ is hydrogen at least two of R^, R^, R'^, R^ and R^ are other than hydrogen; and further 
provided that when R^ metfiyl and R^, R^, R^ and R^ are hydrogen, R^ is other than f luoro; 
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or a pharmaceutically acceptable salt or A/-oxide thereof, as an individual isomer or as a racemic or non-racemic 
mixture of isomers. 

2. The compound of Claim 1 wherein is hydrogen. (C1-4)alkyl. or •(CH2)mCycloalkyl. 

3. The compound of Claim 2 wherein R*^ is hydrogen, methyl, ethyl, or *(CH2)mCycioalkyL 

4. The compound of Claim 3 wherein R^, R^, R^ and R^ are independently hydrogen or (C1-4)aikyl. 

5. The compound of Claim 4 wherein R^, R^, R^ and R^ are independently hydrogen, methyl or ethyl. 

6. The compound of Claim 5 wherein R"* is hydrogen or halogen. 

7. The compound of Claim 6 wherein R^ is hydrogen, bromo, or chloro. 

8. The compound of Claim 7 wherein R\ R^, and R^ are hydrogen. R^ and R® are methyl, and R"* is broma 

9. The compound of Claim 7 wherein R\ R^ and R^ are methyl, R^ and R^ are hydrogen, R"* is bromo. 

10. The compound of Claim 7 wherein R\ R^ and R^ are methyl, R^, R^ and R^ are hydrogen. 

11. The compound of Claim 1 wherein the individual isomer is the (S)-isomer. 

12. The compound of Claim 1 wherein the pharmaceutically acceptable salt is hydrochloride. 

1 3. A compound selected from the group consisting of 

3-(4-bromo-2,6-dimethylphenoxymethyl)- 1 -methylpiperidine; 
3-(4-bromo-2,6-dimethylphenoxymethyl)-1 -methylpperidine N-oxide; 
(S)-3-(4-bromo-2.6-dimethylphenoxymethyl)-1-methylpiperidine; 
3-(4-bromo*2,6*climethylphenoxymethyl)-piperidine; 
(S)-3-(4-bromo-2.6-dimethylphenoxymethyl)-piperidine; 
3-(2,6'<iimethylphenoxymethyl)- 1 -methylpiperidine; 
3-(2,6-dimethylphenoxymethyl)-1 -methylpiperidine N-oxide; and 
(S)-3-(2,6-dimethylphenoxymethyl) - 1 -methylpiperidine. 

14. A medicament containing one or more compounds of any one of claims 1 -13 or a pharmaceutically acceptable salt 
or N-oxide thereof and at least one pharmaceutically acceptable excipient for the treatment of diseases. 

1 5. A medicament according to claim 1 4 for the control or treatment of diseases, based on therapeutic indications of a 
sodium channel blocker, which include the control or treatment of neuropathic pain conditions. 

1 6. A process for preparing a compound of formula I as defined in claim 1 , which process comprises: 

a) reacting a compound of the formula 




(1) 



with a compound of the formula 
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(2) 



wherein R^*R^ are as defined above and Y is hydrogen or -OY is a leaving group. 



or 



b] deprotecting a compound of formula 



r5 



wherein R is an amino protecting group and R^-R^ are as defined above, 



or 



c) all^ating or acylating a compound of formula 



la 



wherein R^-R^ are as described above to give a compound of formula I, wherein R^ is (Cl-4)aikyl, -iCH^m 
cycloalkyl. -(CH2)mNR^R® or -(CH2)mNR^S02R^. 

d) oxidizing a conrpound of formula I to give an N-oxide, or 

e) resolving a racemic mixture Into its enantiomeric components, and 

f) if desired, converting a compound of formula I into a pharmaceutically acceptable salt. 

17. Compounds according to any one of claims 1-13 whenever prepared by a process claimed in claim 16 or by an 
equivalent method. 

18. The use of a compound in accordance with any one of claims 1-13 for the control or treatment of diseases based 
on therapeutic indications of a sodium channel blocker, which include neuropathic pain conditions, or for the man- 
ufacture of a medicament containing such a compound. 



55 
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